Introduction
============

Adenoid cystic carcinoma (ACC) is a relatively rare epithelial tumor that usually originates in the salivary glands,[@b1-ott-9-6291],[@b2-ott-9-6291] submandibular glands, and minor salivary glands, but it can also occasionally occur in the mammary glands, cervix, Bartholin glands, sinuses, skin,[@b3-ott-9-6291],[@b4-ott-9-6291] and even the larynx and trachea.[@b5-ott-9-6291],[@b6-ott-9-6291] Tracheal adenoid cystic carcinoma (TACC) is a rare, low-grade, malignant tumor that originates in the glands of the tracheal and bronchial walls. The histological structure and biological behavior of TACC are similar to those of tumors found in the salivary glands, and TACC most commonly occurs in the upper trachea, being found in the joint cartilage in the posterior aspect of the trachea. Primary TACC most frequently metastasizes to the lungs and the bone.[@b7-ott-9-6291] It rarely involves the thyroid, and therefore, it can be misdiagnosed as thyroid cancer. In this report, we present a case of TACC involving the thyroid.

Case report
-----------

A 46-year-old man with no history of smoking or alcohol use was admitted with a 6-month history of dysphagia and associated dyspnea with worsening symptoms for 1 month. There was no obvious cause for his dysphagia and associated dyspnea. Bronchoscopy examination revealed bronchial stenosis, but no pathology studies or further treatment was performed. Soon thereafter, his symptoms worsened, and he developed cervical pain. Plain computed tomography (CT) of the trachea showed tracheal compression and displacement with slight narrowing. The subglottic tracheal wall was thickened ([Figure 1A](#f1-ott-9-6291){ref-type="fig"}). The tumor did not invade the glottis ([Figure 1B](#f1-ott-9-6291){ref-type="fig"}). Thyroid CT examination showed multiple thyroid nodules. The most prominent nodule was round and hypodense, and it was located in the right thyroid lobe ([Figure 1C](#f1-ott-9-6291){ref-type="fig"}). The nodule measured 84 Hounsfield units (HU), unenhanced, and 95 HU with slight enhancement on a contrast-enhanced scan ([Figure 1D](#f1-ott-9-6291){ref-type="fig"}). Examination of the rest of the head and neck showed no signs of tumor or lymphadenopathy.

During intraoperative exploration, we discovered unde-marcated invasion and fusion of the right thyroid lobe to the esophagus and posterolateral aspect of the trachea. Bilateral thyroid masses were resected, and frozen pathology was obtained, showing that both the masses were poorly differentiated carcinomas ([Figure 2A](#f2-ott-9-6291){ref-type="fig"}). Owing to tumor invasion and extensive spread, radical resection would have been difficult. Hence, we decided to perform bilateral partial mass resections after a discussion with the family. Pathology showed that the tumor tissue had no capsule formation and grew in an infiltrative manner, invading the surrounding thyroid follicles. Tumor cells were cribriform or tubular, and they were distributed in a solid funicular pattern. The masses consisted of double-layer structures, with glandular epithelium as the inner layer and basal cells forming the outer layer. The cribriform structure was composed of differentially sized scattered or integrated smooth cellular islands, with a central, round space filled with slightly basophilic mucoid material ([Figure 2B](#f2-ott-9-6291){ref-type="fig"}). There was little cell atypia, and mitosis was rare. Interstitial hyalinization was present, but no obvious nerve infiltration was seen. Postoperative immunohistochemistry showed that the ductal epithelial cells were positive for pan-cytokeratin (CK), CK7 ([Figure 2C](#f2-ott-9-6291){ref-type="fig"}), and CD117 ([Figure 2D](#f2-ott-9-6291){ref-type="fig"}). The myoepithelial cells were positive for vimentin, S-100, P40 ([Figure 2E](#f2-ott-9-6291){ref-type="fig"}), and P63 ([Figure 2F](#f2-ott-9-6291){ref-type="fig"}). The Ki67 cellular proliferation index was approximately 10%. The cells were negative for thyroid transcription factor-1, CD56, calcitonin, synaptophysin, and thyroglobulin. Based on imaging and histopathological morphology findings, the patient was diagnosed with primary TACC with thyroid invasion. The patient was discharged from the hospital 4 days after surgery. However, the patient died of cardiopulmonary failure 1 month later, at home. No postmortem autopsy was performed.

Discussion
==========

ACC does not have a high rate of incidence.[@b8-ott-9-6291] The average age at onset is 57.4 years, and approximately 60% of patients are women.[@b9-ott-9-6291] Most ACCs originate in the salivary glands, and TACC, which originates in the trachea, is rare. The incidence rates of TACC are similar in both men and women. Currently, surgical resection is still the main treatment method for TACC,[@b10-ott-9-6291] and it has been shown to improve survival.[@b11-ott-9-6291] In recent years, adjuvant treatments, such as radiotherapy and chemotherapy, have been reported to provide some treatment effect.[@b12-ott-9-6291] Radiotherapy can be used to treat patients with inoperable ACC, but its efficacy remains uncertain.[@b13-ott-9-6291],[@b14-ott-9-6291]

ACC is a slow-growing tumor, but metastasis often occurs,[@b11-ott-9-6291],[@b15-ott-9-6291] especially late metastasis up to 15 years after initial diagnosis[@b16-ott-9-6291] and multiple metastases.[@b7-ott-9-6291] Approximately one-third of patients with ACC will develop distant metastasis, with common sites being the lungs, brain, bone, and liver.[@b17-ott-9-6291],[@b18-ott-9-6291] There have been few reports in the English literature describing ACC involving the thyroid. Including our case, this report reviews a total of ten cases of primary ACC with thyroid invasion ([Table 1](#t1-ott-9-6291){ref-type="table"}).[@b5-ott-9-6291],[@b6-ott-9-6291],[@b19-ott-9-6291]--[@b24-ott-9-6291] These ten cases included four male (40%) and six female patients (60%). Their ages ranged from 17 to 68 years, with the average age being 49.8 years. There were no current smokers among them. Unfortunately, there was no information on passive smoking for any patients. Therefore, it was impossible to assess smoking-associated risk. Of the ten ACC cases, six primary tumors originated from the bronchi, three tumors originated from the laryngeal minor salivary glands, and one tumor originated from the left parotid gland. Respiratory symptoms were the main clinical presentation for all ten patients. Four patients experienced dyspnea, three had cough, two experienced hoarseness, two developed asthma, two experienced wheezing, one had hemoptysis, one developed neck pain, and one had no symptoms at all. Of the ten cases, three involved the left thyroid lobe, six involved both the lobes, and one involved the thyroid isthmus. Metastases varied in size, with the largest being 8×6×5 cm and the smallest being 1.0×0.7 cm. Three patients had concomitant multiple metastases, which were located in the arytenoid and cricoid cartilage, lungs, muscle, and esophagus. Currently, surgery is still the main treatment for ACC involving the thyroid.[@b22-ott-9-6291] Seven of ten patients underwent radical resection, one patient underwent local excision, and one patient did not receive any surgery. In addition to surgical treatment, three patients received radiotherapy and one patient received radiotherapy and chemotherapy. Patient survival time varied greatly after metastasis. The shortest survival time was only 1 month, and the longest was \>48 months. The prognosis of female patients seems better than that of male patients. Only one male case report provided the time interval between diagnosis and death. In this case, the patient died within a month after diagnosis, while all six female patients lived for \>3 months.

TACC involving the thyroid is very rare, and to the best of our knowledge, our case is the sixth report in English literature. TACC involves the thyroid mainly through invasion via direct extension, and few cases present with metastasis.[@b20-ott-9-6291] Among the six current reported cases of TACC involving the thyroid, the average patient age was 49 years, and there were two male and four female patients. Respiratory symptoms, including asthma, cough, dyspnea, dysphagia, hoarseness, hemoptysis, wheezing, and neck pain, were the main clinical presentations, all of which lack specificity. Five cases involved bilateral metastasis, with the largest being 8×6×5 cm. This may be due to the nonspecific symptoms, leading to late diagnosis, bilateral involvement, and larger tumor masses at the time of diagnosis. Three out of the six cases had multiple organ involvement other than the trachea, and five out of six patients elected for surgical treatment, with four choosing radiotherapy and one opting for chemotherapy. Surgical options depended on the primary tumor location as well as tissue and organ involvement. The most common surgical procedures include primary tracheal tumor resection, trachea reconstruction, and distal metastases resection. For patients with esophageal involvement, esophageal reconstruction was performed at the same time.

As the incidence of TACC is relatively low, thyroid involvement is even rarer.[@b22-ott-9-6291],[@b23-ott-9-6291] In addition, owing to the close anatomical proximity of the trachea and the thyroid, it is difficult to accurately determine the nature of the tumor preoperatively, thereby resulting in misdiagnosis. In our case, a preoperative CT scan showed merging of the thyroid mass with the tracheal mass, but it did not reveal the relationship between the two. It was only discovered intraoperatively that the thyroid mass had fused with the trachea and the esophagus. Therefore, we suggest that a CT scan and fine-needle aspiration be completed prior to this type of surgery, which would facilitate an earlier diagnosis.[@b20-ott-9-6291]

Conclusion
==========

Any extrathyroid mass involving the thyroid is extremely rare. For patients with a thyroid mass, the presence of tracheal lesions or a history of ACC suggests the possibility of ACC with metastasis to the thyroid. A comprehensive investigation should be performed simultaneously to determine any multiorgan involvement. Comprehensive imaging and pathological examination can facilitate a clear preoperative diagnosis and the early development of a sound treatment plan.
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![CT images of the trachea and thyroid.\
**Notes:** (**A**) A plain CT scan of the trachea shows tracheal compression and displacement. (**B**) The tumor did not invade the glottis. (**C**) A plain thyroid CT scan reveals multiple bilateral thyroid nodules. (**D**) An enhanced thyroid CT scan displays thyroid nodules that are enhanced slightly.\
**Abbreviations:** CT, computed tomography; HU, Hounsfield units.](ott-9-6291Fig1){#f1-ott-9-6291}

![Immunohistochemical staining findings.\
**Notes:** (**A**) Frozen section analysis shows tumor cells in an irregular funicular distribution with invasive growth (100×). (**B**) The tumor infiltrates surrounding thyroid follicles in a cribriform and tubular distribution, and it is filled with slightly basophilic mucoid material consisting of a double-layer structure (hematoxylin and eosin staining, 100×). (**C**) Positive CK7 staining in glandular epithelial cells (100×). (**D**) Positive CD117 staining in glandular epithelial cells (100×). (**E**) Positive p40 staining in basal cells (100×). (**F**) Positive p63 staining in basal cells (100×).](ott-9-6291Fig2){#f2-ott-9-6291}

###### 

Cases of ACC with thyroid invasion reported in literature

  References                                  Sex   Age   Smoke   Origin location                  Symptom                                            Other metastasis location            Site             Size (cm)          Management of thyroid lump   Adjuvant therapy   Time interval between thyroid metastasis and death (months)
  ------------------------------------------- ----- ----- ------- -------------------------------- -------------------------------------------------- ------------------------------------ ---------------- ------------------ ---------------------------- ------------------ -------------------------------------------------------------
  Kashiwagi et al[@b5-ott-9-6291] (2016)      F     33    No      Laryngeal minor salivary gland   Cough/wheeze                                       Arytenoid/cricoid cartilage          Bilateral        NA                 RR                           No                 \>24 (live)
  Kukwa et al[@b6-ott-9-6291] (2014)          F     17    No      Trachea                          Cough/hemoptysis/dyspnea/breathlessness/wheezing   Cricoid cartilage/muscle/esophagus   Bilateral        3.7×2.6            RR                           RT                 \>12 (live)
  Rocca et al[@b19-ott-9-6291] (2014)         M     66    NA      Laryngeal minor salivary gland   NA                                                 No                                   Isthmic region   NA                 NA                           NA                 NA
  Lee et al[@b20-ott-9-6291] (2007)           F     60    NA      Left parotid                     No                                                 No                                   Left side        3.5                RR                           No                 36 (dead)
  Khademi et al[@b21-ott-9-6291] (2015)       M     45    No      Laryngeal minor salivary gland   Hoarseness                                         No                                   Left side        NA                 RR                           No                 NA
  Idowu et al[@b22-ott-9-6291] (2004)         F     68    No      Trachea                          Dyspnea                                            No                                   Left side        NA                 RR                           RT                 6 (dead)
  Idowu et al[@b22-ott-9-6291] (2004)         M     60    No      Trachea                          Cough/hoarseness/hemoptysis                        Lung                                 Bilateral        3                  NP                           RT                 NA
  Zirkin and Tovi[@b23-ott-9-6291] (1984)     F     66    NA      Trachea                          Asthma/dyspnea                                     No                                   Bilateral        4×3.5×1            RR                           No                 \>48 (live)
  Subramaniam et al[@b24-ott-9-6291] (2015)   F     37    NA      Trachea                          Asthma                                             No                                   Bilateral        8×6×5              RR                           RT/CT              \>3 (live)
  Present case                                M     46    No      Trachea                          Dyspnea/dysphagia/neck pain                        Esophagus                            Bilateral        2.7×2.2, 1.0×0.7   LE                           No                 1 (dead)

**Abbreviations:** CT, computed tomography; F, female; LE, local excision; M, male; NA, not available; RR, radical resection; RT, radiation therapy; ACC, adenoid cystic carcinoma.
